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Abstract
Normal subjects were first light adapted to a standard photopic background and a control photopic ERG was obtained. The
subjects were then light adapted to a brighter background for 5 min at the end of which the luminance was returned to the control
background and ERGs were taken at regular intervals. Most of the ERG:OP components were transiently enhanced following the
above procedure. Given that the previously reported photopic light adaptation effect occurred following an increase in the
luminance of the adapting field (from dark adaptation to light adaptation) while that reported in the present study is triggered
following a decrease in the level of light adaptation, the opposite effects noted might suggest that the two retinal events result from
the same, not yet identified, cone adaptation mechanisms which are solicited in an opposite way. © 2000 Elsevier Science Ltd. All
rights reserved.
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1. Introduction
It is well documented that immediately following a
period of dark-adaptation, the amplitude of the cone
b-wave increases gradually and its implicit time short-
ens progressively as the retina is adapting to the rod-
desensitizing background (Burian, 1954; Armington &
Biersdorf, 1958; Biersdorf & Armington, 1960;
Lachapelle, 1987; Gouras & MacKay, 1989b; Peachey,
Alexander, Fishman & Derlacki, 1989). Although the
exact origin of this light adaptation effect is still de-
bated, it was shown to be highly dependent upon the
intensity of the flash stimulus as well as the luminance
of the rod-desensitizing background light; the magni-
tude of the effect being more pronounced when brighter
flashes (Armington & Biersdorf, 1958; Gouras &
MacKay, 1989b; Peachey et al., 1989) or backgrounds
(Peachey, Alexander, Derlacki & Fishman, 1992) are
used. Furthermore while it was previously shown that a
period of dark-adaptation was crucial to its demonstra-
tion (Miyake, Horiguchi, Ota & Takabayashi, 1988),
full recovery of rod sensitivity does not appear to be
essential since most of the effect is obtained with less
than 5 min of dark-adaptation (Benoit & Lachapelle,
1995), suggesting that the rod system is not a major
contributor to the observed phenomenon; a hypothesis
also advanced by others (Peachey et al., 1992a).
The purpose of this study was to investigate if the
above light adaptation effect could not simply reflect
the expected (normal) reaction of cone-mediated ERGs
in response to an abrupt and pronounced change in the
level of retinal adaptation. In order to explore this issue
we examined if a similar light adaptation effect could
also be demonstrated following exposure to a bright
photopic background. Our results show that immedi-
ately upon the return to a photopic background of
dimmer luminance there is a pronounced increase in the
amplitude of most ERG:OP components; the effect
lasting, however, less than 2 min. This light adaptation
effect which is, in many ways, the opposite of that
previously reported, would support our original claim.
In response to an abrupt change in the level of retinal
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adaptation from dim (or dark) backgrounds to brighter
ones the cone ERG:OPs are first attenuated and then
grow progressively to reach baseline values within 10
min or so of light adaptation. In contrast, following an
abrupt change from a brighter to a dimmer rod-desensi-
tizing background, the cone ERG:OPs are first en-
hanced and then rapidly return to baseline values. The
difference in time course could suggest that the two
effects are not governed by the exact same retinal
mechanisms.
2. Methods
2.1. Preparation of subjects
Experiments were performed on nine normal subjects
(aged 18–28 years old) and two patients, a brother and
a sister aged 18 and 20 years old, respectively, affected
with congenital stationary night blindness (CSNB) with
myopia and typical ERG findings as previously re-
ported (Lachapelle, Little & Polomeno, 1983). Both
patients had normal fundi and corrected visual acuities
of 20:20. An informed consent was obtained from all
subjects after the nature and possible consequences of
the study were explained. Electroretinographic signals
were recorded from both eyes, as previously reported
(Lachapelle, Benoit, Little & Lachapelle, 1993), with a
DTL electrode (X-Static® conductive yarn, Sauquoit
Industries, Scranton, PA, USA) positioned deep into
the conjunctival bag. In order to avoid contact with the
skin of the subjects, the DTL fibre was secured at the
external and internal canthi with double adhesive tape.
Ground and reference electrodes were pasted on the
forehead and external canthi, respectively. All record-
ings were obtained with fully dilated pupils (Trop-
icamide 1%).
The subjects were positioned on a head and chin rests
in front of a Ganzfeld of 60 cm in diameter. The
Ganzfeld also housed the rod-desensitizing background
lights whose luminance could be fixed at precalibrated
values of: 32, 150, 290, 525 and 1020 cd m2. The flash
stimuli were delivered with a Grass PS-22 photostimu-
lator (white light, intensity 8 cd m2 s) also housed in
the Ganzfeld. ERGs (Grass P511 preamplifiers, amplifi-
cation 10 000 , bandwidth 1–1000 Hz, 6 dB) and
oscillatory potentials (OPs: 50,000 , 100–1000 Hz, 6
dB) were recorded simultaneously on an EGAA system
(RC Electronics, Santa Barbara, CA) and stored on
floppy disks for off-line averaging and analysis.
2.2. Experimental procedure
In order to generate the light adaptation effect, the
subjects were first light adapted for 5 min to a standard
photopic background of 32 cd m2 in luminance fol-
lowing which 30 control ERG:OP responses were col-
lected (interstimulus interval: 1.024 s) and stored
individually. The subjects were then light adapted for
another 5 min to one of the five above-mentioned
precalibrated brighter test backgrounds, following
which another set of ERG:OP responses were taken.
The luminance of the background was then returned to
the control value (32 cd m2) and recovery of the
ERG:OP responses was assessed within the following
time intervals: 0–10, 30–40, 60–70, 120–130, 180–190,
240–250 and 300–310 s, with averages of ten responses.
Responses contaminated by eye movements and:or eye
blinks were discarded.
2.3. Data analysis
Amplitudes and peak times were measured as sug-
gested (Marmor et al., 1989; Marmor & Zrenner, 1995).
The amplitude of the a-wave was measured from base-
line to the most negative trough, while the amplitude of
the b-wave was measured from the trough of the a-
wave to the most positive peak. The amplitude of each
OP was measured from the preceding trough to the
peak. Peak times were measured from flash onset to
peak. Statistical analysis was performed with ANOVAs
for paired data and Dunnet’s post-hoc comparison test.
Unpaired t-tests were also used to compare the CSNB
patients with normals. The differences were considered
statistically significant at PB0.05. Finally, in order to
determine the time constant of the effect, the data
(mean values) was fitted to an exponential function
(SlideWrite software; Advanced Graphic Software Inc;
Carlsbad, CA, USA) of the form yabe ( t:t) where
a and b are scaling factors, t is the time and tau (t), the
time constant of the function.
3. Results
At Fig. 1 are illustrated typical electroretinograms
(A) and oscillatory potentials (B) obtained from a
normal subject exposed to the 32 cd m2 control
background (tracings C), during exposure to the test
background of 525 cd m2 in luminance (tracings
BG525) and at different time intervals (time in s at the
left of each tracings) following the return to the control
background luminance. Table 1 reports amplitude and
peak time measurements obtained within the first
minute of light adaptation only, that is where the
changes were shown to be the most significant. After 2
min, only the peak time of the b-wave (30.591.3;
PB0.01) and OP4 (29.091.1; PB0.05) had not re-
turned to normal values. All measurements returned to
normal after 3 min of light adaptation.
The control ERG is made of three major waves
identified a, b and i, as well as two prominent oscilla-
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tions seen on the ascending limb of the b-wave. The
corresponding OP response includes three major OPs
identified as OP2, OP3 and OP4. As exemplified in Fig.
1, exposure to the brighter photopic background (trac-
ing BG525) markedly reduced the amplitude of the a-
and b-waves and shortened the peak time of the b-wave
by almost 10 ms. The oscillatory potentials were also
affected by the above procedure with OP2 and OP3
being reduced to approximately 75% of control, while
OP4 was completely abolished from the response.
Restoring the level of retinal illumination to the control
value of 32 cd m2 markedly enhanced the amplitude
of most ERG components as witnessed when responses
illustrated at tracings 0 are compared with those shown
at tracings C. As illustrated in Table 1, only OP3 was
not significantly modified. The amplitude of the a-wave
Fig. 1. A–B: Typical ERGs (a) and OPs (b) recorded from a normal subject evoked to flashes of 8 cd m2 s in energy. Tracings C: control
condition (i.e. following 5 min of light adaptation to a 32 cd m2 background); Tracings BG 525: in the presence of the test background of 525
cd m2; Tracings 0, 30, 60, 120 and 300: 0 to 300 s upon return from exposure to the test background. C–D: ERGs (C) and OPs (D) obtained
from one patient with documented CSNB and presented as in A–B. There is some suggestion of an increase in activity in the OP2 OP3 region
(as indicated with arrows in tracing 0 s of column D). The latter enhancement could not however be quantified accurately given the absence of
measurable OPs. E–F: ERGs (E) and OPs (F) evoked to flashes of 8 cd m2 s in intensity (background: 32 cd m2) C: control condition.
Tracings 150–1020: recordings obtained immediately following exposure to tests backgrounds of 150–1020 cd m2 in luminance. Vertical arrows
indicate flash onset. Calibration: vertical: 50 mV (ERG) and 20 mV (OPs); horizontal: 20 ms.
Table 1
Mean amplitudes (mV) and peak times (ms)91S.D. of ERG components evoked to a flash of 8 cd m2 s delivered against backgrounds of 32
cd m2 (control) and following exposure to the 525 cd m2 test background
Peak times (ms)Amplitudes (mvolts)
1 minControl 0 s 30 s 1 min Control 0 s 30 s
a-wave (n9) 13.0490.412.291.213.290.512.390.531.398.332.397.336.599.9**31.496.9
29.590.8**31.891.494.9921.0**101.8925.0**136.6931.1** 30.290.8**76.8916.8b-wave (n9) 30.892.0*
50.893.2 50.292.633.6911.7**i-wave (n7) 21.9910.9**11.895.0 20.398.9** 51.494.3 51.292.4
9.091.7 13.192.7** 9.892.0 10.591.3OP2 (n9) 15.390.4 16.090.6** 15.690.5 15.690.4
22.790.322.790.52OP3 (n9) 22.590.512.192.511.591.812.492.211.192.7 2.590.3
17.198.3*OP4 (n6)
a 18.898.8**20.899.9**11.394.2 29.091.1*28.891.6**27.591.2**29.791.3
a It should be noted that normally the trough preceding OP4 occurs below the baseline which is represented, in the control tracing of Fig. 1,
as an extension of the prestimulus baseline. However, as a consequence of the shortening of the peak time of OP4 this trough occurs on the
baseline of the tracing recorded at t0 following the return from exposure to the background of 525 cd m
2. We believe that the latter situation
contributes to underestimate the full amplification of OP4. In some instances (n3 subjects) the trough of OP4 occurred almost on the peak of
OP3 thus seriously compromising measurement of the true amplitude of OP4. The data obtained from these subjects were removed from the
computation given at Table 1. In order to be included, the trough preceding OP4 had to occur on or below the baseline.
* Asterisks indicate values which were statistically different from control (*PB0.05; **PB0.01).
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Table 2
Mean amplitudes (in mV91S.D.; n3) of ERG components evoked to a stimulus of 8 cd m2 s presented against a photopic background of
32 cd m2a
150 cd m2 290 cd m2 525 cd m2 1020 cd m2Control
29.5910.5 33.5911.3a-wave 34.0914.329.699.5 34.897.2
b-wave 76.2922.6 122.4926.1** 138.0932.5** 154.0947.6** 160.0938.9**
27.7911.4* 35.0910.0** 40.3915.1**i-wave 50.1914.6**15.195.6
9.891.1 9.892.09.491.8 13.093.9OP2 12.990.6
12.191.4OP3 14.393.8 11.591.3 11.890.5 15.692.6
20.693.6 22.291.1* 28.995.8**OP4 29.593.9**13.594.6
a Data were obtained from ERGs recorded prior to (control) and immediately following exposure to brighter photopic backgrounds (150–1020
cd m2). Asterisks indicate values which were statistically different from control (*PB0.05, **PB0.01).
was minimally but significantly increased, while that of
the b- and i-waves were greatly enhanced showing an
average increase of 80% and 203%, respectively. Simi-
larly, the amplitudes of OP2 and OP4 were augmented
on average by 47% and 81%, respectively.
Our procedure also had a significant impact on the
timing of the ERG:OPs components. The peak time of
the b-wave and OP4 occurred more than 2 ms earlier
(PB0.01), respectively while that of OP2 was slightly,
but significantly, delayed by about 0.5 ms (PB0.01). In
contrast, the peak time of the a-wave, i-wave and OP3
were not significantly affected (P\0.05).
The ERG:OP modifications described above were all
transient, the time constant tau (t) of the effect being of
31.6, 31.2 and 64.3 s for the b- and i-waves and OP4,
respectively. A further increase in luminance of the test
background to 1020 cd m2 did not result in a signifi-
cantly larger enhancement of the effect (see Table 2)
nor did it have a significant impact on the time con-
stants of the recovery which were 30.5, 36 and 64.6 s
for the b-, i-waves and OP4, respectively.
The light adaptation effect seen when the retina is
prior dark-adapted was previously reported to be exag-
gerated in CSNB (Miyake, Horiguchi, Ota & Shi-
royama, 1987) as well as in carriers of choroideremia
(Lachapelle & Little, 1992) and attenuated in retinitis
pigmentosa (Gouras & MacKay, 1989a). In order to
investigate if the light adaptation effect reported here
could also be impaired by a retinal disorder, we per-
formed the same experiment on two patients affected
with CSNB and myopia. As previously reported
(Lachapelle et al., 1983), the photopic ERG in CSNB is
characterised with a square-wave-like a-wave, a trun-
cated b-wave and completely abolished OP2 and
OP3,while OP4 is of normal amplitude and timing (Fig.
1 C-D, tracings C). Interestingly, unlike in normals, an
increase in the luminance of the background to 525 cd
m2 did not markedly attenuate the amplitude of the
b-wave, the latter remaining at 97.296.4% of control,
a value which is significantly (PB0.05) different from
that obtained in normals under the same recording
conditions. In contrast, the amplitude of the a-wave
was attenuated to 44.191% of control. Also contrast-
ing with normals is the effect that the brighter back-
ground exerted on OP4. In normals, OP4 is abolished in
responses obtained at background 525 cd m2, while in
results obtained from CSNB patients the amplitude of
OP4 remained at 97.6910.1% of control amplitude,
although the peak time was significantly (PB0.05)
shortened. Restoring the luminance of the background
to the control level triggered a light adaptation effect
whose magnitude far exceeded that measured in nor-
mals. Measurements obtained at the onset of exposure
to the control background show that the b-wave ampli-
tude increases by 147.4911.4% (normals: 79.39
25.7%; PB0.01) and its peak time is reduced by
4.090.3 ms while in normals the corresponding peak
time shift is 2.390.9 ms (PB0.05). Similarly, the
amplitude of OP4 is markedly increased (120.7927.6%)
although this increase is not significantly (P\0.05)
different from that observed in normals. The peak time
of OP4 on the other hand was shortened by 2.890.6
ms, a value significantly different from that observed in
normals (PB0.05). The amplitudes of the a- and i-
waves also increased in similar proportion to those
measured in normals. The time constant (t) of the
effect, as measured with the b-wave parameter, was of
17.5 and 22.7 s for our two CSNB patients compared to
31.6 s for the normal subjects.
The light adaptation effect, which occurs following a
period of dark adaptation, was previously shown to be
highly dependent on the luminance of the rod-desensi-
tizing background, with brighter backgrounds enhanc-
ing the effect. In order to examine if the magnitude of
our light adaptation effect was also dependent on the
luminance of the background used, we tested, in a
subset of subjects, the effect of the following back-
grounds: 150, 290, 525 and 1020 cd m2. As exem-
plified in Fig. 1E–F and Table 2, the amplitude of the
b- and i-waves and OP4 already demonstrated a signifi-
cant increase following pre-exposure to the 150 cd m2
background. A further increase in the luminance of the
background did accentuate the magnitude of the effect,
although there is some suggestion of saturation in
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measurements obtained following exposure to the
brightest background (in Table 2, compare the data
obtained following exposure at backgrounds 525 and
1020 cd m2). The i-wave is the only ERG component
not showing signs of saturation.
4. Discussion
The purpose of this study was to examine if the
previously reported light adaptation effect, shown to
occur when cone ERGs:OPs are recorded immediately
following a period of dark adaptation, could not simply
reflect the normal reaction of cone-mediated signals in
response to a sudden modification in the state of retinal
adaptation. Our results, in showing that a similar phe-
nomenon is also observed following an abrupt change
in the luminance of the rod desensitizing background
light, from a brighter to a dimmer photopic level,
would support our claim. Interestingly, a similar tran-
sient enhancement of the cone flicker response was
previously shown by Peachey, Arakawa and Marchese
(1992b) to occur when the amplitude of the flicker ERG
recorded at the offset of the rod-desensitizing back-
ground light (e.g. initial moment of dark-adaptation) is
compared to that obtained in the presence of the pho-
topic environment. However the light adaptation effect
reported in the present study differs from that of
Peachey et al. (1992b) in that it is evidenced while the
retina is constantly kept in a photopic environment,
and is progressively enhanced following exposure to
gradually brighter photopic backgrounds (Fig. 1 E–F,
Table 2), features that would strongly suggest that this
effect is purely cone mediated.
The characteristics of the light adaptation effect re-
ported here are in many ways similar to those previ-
ously reported to describe the ‘original’ light adaptation
effect, but with ERG:OPs changes that are opposite in
polarity. Studies describing the original light adaptation
effect reported a reduction in amplitude of the ERG:
OP components (Lachapelle, 1987; Gouras & MacKay,
1989b; Peachey et al., 1989; Murayama & Sieving,
1992; Benoit & Lachapelle, 1995). The components
most affected were the b- and i-waves and the last
major OP of the photopic response (e.g. OP4 in our
nomenclature or OP3 in that of others). In contrast,
most ERG:OP components were significantly enhanced
by the light adaptation effect described in this study.
Again the b-wave, i-wave and OP4 are the most en-
hanced. It is also the latter ERG waves that demon-
strate the most lasting effect. In contrast the a-wave
and OP2 were minimally affected by our procedure
while OP3 was not significantly modified in amplitude
or timing; thus further illustrating the distinct nature of
the individual photopic OPs (Lachapelle, 1991).
Interestingly, in the original light adaptation effect,
the amplitude of the cone b-wave measured at the onset
of light-adaptation (following a period of dark-adapta-
tion) was reported to be approximately half (50%) of
that reached at the end of the light adaptation process
(Lachapelle, 1987; Peachey, Alexander, Derlacki,
Bobak & Fishman, 1991; Murayama & Sieving, 1992),
while in the present study the amplitude of the cone
b-wave measured at the onset of light adaptation (fol-
lowing exposure to a brighter photopic background) is
almost double (80% increase according to Table 1) of
control. Similarly, the cone light adaptation effect
shown to occur at the onset of dark-adaptation
(Peachey et al. 1992b) produced a transient enhance-
ment (followed by a slow return to baseline) of the cone
flicker ERG which almost doubled its amplitude over
that measured in light-adapted condition. The above
would suggest that these forms of light adaptation are
probably mediated by the same retinal event whose
contribution to the building of the cone b-wave is either
added (original light adaptation effect) or removed (the
light adaptation effect reported in the present study)
during the course of light adaptation. The difference in
the time courses of the two light adaptation effects
(time constant of 31.5 s for b-wave reduction in this
study; time constant of :4 min for b-wave growth
reported with the original light adaptation effect
(Peachey et al., 1989; Murayama & Sieving, 1992)
would suggest that the removal aspect of the above-
mentioned contribution to the building of the b-wave is
significantly faster than the additive one.
Of all the ERG components enhanced by our proce-
dure, the i-wave, which was recently suggested to arise
at the level of the retinal ganglion cells and:or optic
nerve (Rousseau, McKerral & Lachapelle, 1996), was
that which was most amplified by our procedure (Table
1). It is also the only ERG wave whose enhancement
did not give signs of saturation following adaptation to
progressively brighter backgrounds (Table 2). Interest-
ingly wave-i, along with OP4, were previously identified
as remnant of the OFF response in short flash ERGs
(Nagata, 1963; Kojima & Zrenner, 1978; Murayama &
Sieving, 1992), suggesting that signals travelling along
the OFF retinal pathway would be preferentially en-
hanced by our procedure. Further evidence is also
provided with the response obtained from CSNB pa-
tients, a retinal disorder claimed to originate from a
malfunction of the ON pathway (Houchin, Purple &
Wirtschafter, 1991; Alexander, Fishman, Peachey,
Marchese & Tso, 1992). The significantly larger than
normal enhancement of b-wave and OP4 measurements
and shorter time course of the effect would also
strongly suggest that, in normal, there is an antagonis-
tic interaction between the two systems, a concept that
would be in accord with the ‘push–pull’ model ad-
vanced by Sieving, Murayama and Naarendorp (1994).
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Although the exact retinal origin of the different
ERG light-adaptation effects remains to be fully under-
stood, their use clearly offers a new means to assess the
functional status of the retina (normal or diseased)
using a more dynamic approach in that it not only
allows for the comparison of standard ERG responses
but also how these responses are modified as the retina
adjust to a new luminous environment. Previous reports
have shown that the latter physiological response could
be abnormal in some retinal disorders (Miyake et al.,
1986; Gouras & MacKay, 1989a; Lachapelle & Little,
1992).
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